osteotomy of the innominate bone in 2 hips. The average acetabular index was 44 Ο , and the mean centreedge angle was -41 Ο preoperatively. Results. The average follow-up period was 4 years (range, 2-9 years). The average acetabular index and centre-edge angle were 19 Ο and 18 Ο , respectively at the time of last follow-up. All children could walk without support. One child required re-opening for redislocation of hip joint. The clinical results were good in 6 hips and fair in 2 hips, according to Severin's and McKay's classifications. Conclusion. Our experience shows that open reduction for bilateral dislocation of hips in children with AMC is a suitable option with generally good results. Surgery performed at earlier age gives the best functional outcome.
INTRODUCTION
Arthrogryposis multiplex congenita (AMC) is a syndrome complex characterised by several features including multiple joint involvement with severe contractures, dislocations, lack of normal skin creases, and varying degree of fibrosis of the affected muscles. 1-3 Otto 4 first described this condition in 1841, but Stern 5 was the first to coin the term "arthrogryposis multiplex congenita" to describe 4 cases reported in 1923. Hall 6 classified AMC into 3 broad categories according to the presence or absence of associated visceral and central nervous dysfunction. 7 The incidence of AMC is rare, occurring in approximately 0.03% of newborn infants. 2 Hip joint contracture with or without dislocation is reported in around 80% of patients with AMC. 3, 8 Isolated contractures are usually treated conservatively by manipulation and splinting, while operative intervention is required only occasionally. Closed reduction of the dislocated hip in children with AMC, however, has been relatively unsuccessful. [9] [10] [11] For unilateral dislocation, open reduction is recommended to prevent pelvic obliquity, imbalance in sitting, and eventual scoliosis. 1, 3, 8 Some authors believe that the bilaterally dislocated hips should not be reduced, because the pelvis remains level and movement is satisfactory. 1, 9 On the contrary, others suggest that all dislocations should be reduced to restore normal hip mechanics, and to reduce the risk of future pain or stiffness. 12, 13 We have been performing routine open reduction on the bilaterally dislocated hips in children with AMC since 1990. We present our experience in dealing with such cases, and the functional and radiological results of these patients.
PATIENTS AND METHODS
In this retrospective study we reviewed all our patients with AMC who had undergone surgical treatment for bilateral dislocation of the hips (4 children with 8 hips) at the Division of Orthopedics, The Aga Khan University Hospital, Karachi, from 1990 to 2000. The objectives of this study were to report the outcome of surgical management of bilateral dislocation of the hips in patients with AMC , and to analyse the complications of treatment. We included in our study only those patients who fulfilled the following criteria: (1) Joint contracture at birth in at least 2 different parts of the body; (2) Bilateral dislocation of the hips;
(3) Generalised muscle wasting; and (4) Absence of normal skin creases.
Four children, with 8 dislocated hips, met our criteria. All of them had bilateral talipes equinovarus. One child had bilateral knee dislocation, and one had hand deformities (finger contractures and clasped thumb). No patient had any central nervous system or visceral abnormality. With only limb involvement, these patients were classified as type I according to Hall. 6, 7 Three patients were females and one was male. The average age at the time of surgery was 23 months (range, 5-48 months).
In the child with bilateral knee and hip dislocations, the knees were operated on before the hips. This sequencing facilitated the performance and positioning during hip surgery and the application of hip spica cast. The feet of all children except one were corrected outside our institution before presentation. A child who was 6 months old at the time of presentation had the hips operated on first. The feet were corrected at the age of one year, once the child was out of the spica cast.
All the preoperative clinical assessments were recorded. The mean fixed flexion contracture at the hip joint was 20 Ο , mean maximum flexion at hip 70 Ο , mean adduction 25 Ο , mean abduction 15 Ο , mean internal rotation 35 Ο , and mean external rotation 35 Ο . The telescoping test yielded positive results in all cases. We assessed radiologically the patient's hips preoperatively by the Tonnis grading system, 14,15 measurement of acetabular index, and centre-edge angle. Preoperatively 4 of the hips were in grade IV, one was in grade III, and 3 were in grade II according to the Tonnis grading system. The average acetabular index before operation was 44 Ο , and the average centre-edge angle was -41 Ο .
All patients were managed by two surgeons. The hips were approached through the iliofemoral incision. All the tight muscles, sartorius, iliopsoas, and the rectus femoris were incised. The capsule of the hip joint was opened in a "T" shape. The acetabulum was cleared of any fibro fatty tissue and the femoral head reduced. Then by performing a full range of passive movements in all directions, we assessed stability of the hip joint. All unstable hips were immediately stabilised by an innominate osteotomy. A femoral shortening was done in those hips which seemed tight after reduction, or when reduction was difficult. Meticulous capsular plication was performed with strong sutures at the end of all cases. Four hips were stable after open reduction and capsular plication. In 2 cases of hip reduction, stability was achieved after femoral shortening and de-rotational varus osteotomy. In 2 hips, Salter innominate osteotomy was needed to cover the femoral head after doing the femoral shortening and de-rotational varus osteotomy. A hip spica was given postoperatively for 3 months.
Patients were then allowed gradual ambulation and range-of-motion exercises with advice for night splinting for another 3 months. The average followup period was 4 years (range, 2-9 years), and none of the patients were lost to follow-up at the time of writing this report. All the hip joints were assessed clinically and radiologically at each follow-up visit; Tonnis grading system 14, 15 and Severin's classification 14, 16 were used for radiological assessment. We also measured the acetabular index ( Fig. 1 ) and centre-edge angle (Fig. 2) during follow-up. Clinical assessment of the hips was done according to McKay's 14, 17 score.
RESULTS
At the time of the final follow-up, 7 of our hips were in grade I, and one was in grade II according to the Tonnis grading system, whereas the average acetabular index was 25 Ο and average centre-edge angle was 18 Ο .
Five hips were in class Ia, and one each in Ib, IIa and, IIIb according to Severin's classification. Six hips were good and 2 were fair according to the McKay's score. The mean maximum flexion at the hip joint was 100 Ο , mean adduction 30 Ο , mean abduction 30 Ο , mean internal rotation 70 Ο , mean external rotation 60 Ο , and the mean fixed flexion contracture 5 Ο . All patients were ambulant without any support at the time of the final follow-up.
There was complication in 2 hips. In one hip in which we performed open reduction and femoral derotation varus osteotomy, dislocation occurred in the first postoperative week. This required revision of open reduction and plication of the capsule. The patient did well after this revision and no dislocation occurred again. The other hip, where we performed open reduction and plication of the capsule, had residual subluxation of the joint at 6 months. This hip was treated by bracing, and produced no further problems.
DISCUSSION
Dislocated hip in AMC is usually defined as a teratologic dislocation that occurs early during foetal development. A teratologic dislocation is much more rigid than the simple idiopathic congenital dislocation, because the intrauterine hip remodelling process has been disturbed at an earlier time in gestation. 1, 9, 11 The basic patho-mechanism of AMC appears to be the lack of foetal movements, and foetal akinesia. Hall 6, 7 has designated AMC as amyodysplasia because of the apparent absence or hypoplasia of the muscles. However, during embryonic stage the muscles are actually formed normally, but during the foetal period they are replaced by fibrous and fatty tissues.
An incidence rate of hip joint contracture of 80%, with or without dislocation, has been reported in patients with AMC. 3, 8 It is generally believed that unreduced unilateral dislocation will later give rise to pelvic obliquity and ultimately scoliosis, hence open reduction of unilateral dislocation in AMC is recommended. 1, 8, 12 The management of bilateral dislocation, however, has been controversial. The high rate of complications such as redislocation, stiffness, 10 and avascular necrosis 3 has led to the recommendation that bilateral dislocation should be left unreduced. 1, 8 St Clair and Zimbler 12 divided the bilateral dislocation of hips into 2 subgroups. The first includes Lloyd et al. 10 operated on 6 patients with bilateral hip dislocation, and all of them ended up with stiff joints. Staheli et al. 13 operated on 3 patients with bilateral dislocation in AMC. He did a combination of open reduction, femoral varus de-rotational osteotomy and/or pelvic osteotomy, and showed good results. Akazawa et al. 3 operated on 5 patients with bilateral dislocation in AMC in which complete circumferential capsulotomy was done; these patients had a high incidence of avascular necrosis.
In our series, we operated on 8 hips of 4 patients. Open reduction and plication of capsule ( Fig. 3) was performed in 4 hips (2 patients). These 2 patients presented to us early, at the age of 6 months and 12 months, respectively. Both patients had low dislocation of the hips, and we were able to reduce and maintain the femoral head with plication of the capsule without bony procedure. On long-term follow-up, both patients were ambulant without support and had a reasonably good range of motion of their hip joints in all directions i.e. hip flexion of more than 110 Ο , and no fixed flexion contracture. Both patients had greater than 70 Ο of internal and external rotations, and about 40 Ο of abduction on either side. The remaining 4 hips required additional bony procedures. In all these 4 hips, femoral shortening and varus de-rotational osteotomy were done to improve reduction and decrease the pressure on the femoral head. In 2 of these hips we also needed Salter innominate osteotomy to provide further stability to the hip joint ( Fig. 4 ).
There were 2 complications in our series. In one hip, in which we did open reduction, revision of the capsular plication had to be done, because this hip could not be reduced by closed means after an acute postoperative dislocation. In the other hip, in which we did open reduction and plication of the capsule, residual subluxation was treated and improved with a brace. All other hips had a good range of motion, and all our patients were ambulant without crutches or canes at the time of writing this report.
The absence of comparative non-surgical controls and the small size of this series make it difficult to draw any statistical conclusion. Our results are, however, quite promising in both clinical and radiological terms. Left untreated, these hips would have progressive disability both in terms of restriction of activity and development of pain. Both of these disabilities were successfully eliminated by the surgical option. These
